Gas samples were taken from the nest chambers of bank swallows (Riparia riparia) and analyzed for COs and 02 content. The mean CO2 content was 2.62% with a maximum value of 5.58%, and the mean O content was 17.83% with a minimum value of 14.61%. There was a positive and significant correlation of increasing CO2 content with both increasing nestling age and increasing total metabolizing mass (adults plus young). With increasing metabolizing mass there is a linear increase in CO2 content, which suggests no active regulation of gas concentrations. Burrow depth also affected C02, particularly in burrows with older nestlings. The effect of depth is most likely due to the relative importance of convective exchange rather than to diffusion. The increase in COs was proportional to the decrease in Os with a ratio of CO2:02 equal to 0.86.
their life cycle, burrow-nesting birds may have to cope with elevated CO2 and depressed 02. Recently White, Bartholomew, and Kinney (1978) have demonstrated elevated levels of CO2 in nesting burrows of the European bee eater (Merops apiaster). They identified several parameters which may act to counter excessive buildup of CO2, such as soil porosity, passive air movement, and convective currents set up by the birds. They did not, however, quantify which variables of the physical or biotic environment most influence the buildup of
CO2.
We have examined the effects of burrow depth and nestling age on the concentrations of CO2 and 02 in burrows of bank swallows. Nesting bank swallows, Riparia riparia, excavate single-tunnel burrows to a depth of a meter or more which terminate in a nest chamber (Stoner 1936 ). This nest is occupied by two to seven nestlings and one or both parents for the entire night (Petersen 1955 ). Of particular interest were the maximum levels of CO2 reached during the later developmental stages as the young obtain adult mass.
MATERIAL AND METHODS
Bank swallows, Riparia riparia, were found nesting in sandpits near Ann Arbor, Michigan, Washtenaw County. Construction of burrows and laying of eggs were followed closely during May and June of 1979. Burrows were constructed in banks of high sand content. A thin steel rod marked at 10-cm intervals and equipped with a small dental mirror and 6-V flashlight bulb attached to the distal portion of the rod permitted observation of the nests (Marsh 1979) . When date of hatching was unknown, age was estimated by body mass and/or primary-feather length (Petersen 1955; Marsh 1979) .
A thin copper tube (k-inch OD, 2.5 cm3 total volume) attached the length of the rod permitted gas sampling. Gas samples were drawn from the nest chamber with gas-tight glass syringes fitted with threeway stopcocks. A 20-cm3 volume was drawn from the nest and expelled to external air. Then a 30-cm3 sample (approximately 1%o of the estimated mean burrow volume) was drawn, sealed, and returned to the laboratory for analysis. Samples were equilibrated to 37 C, saturated with water, and analyzed for Pco, and Po, (mm Hg) using a Microtech 13 Blood Gas Analyzer. All gas samples were taken on clear, calm (winds less than 10 mph) mornings between 0500 and 0745 EDST.
RESULTS
The mean length of the bank swallow burrows was 90 cm (table 1), which is similar to other measurements of the burrows of this species (Stoner 1936 Preliminary data analysis demonstrated a significant (P = .0043) positive correlation (r = .551) between nestling age and CO2 levels, despite only a small change in nestling mass after 8 to 10 days (Marsh 1979) . Since CO2 production is mostly a function of the metabolizing mass and not of age per se, age data were converted to a metabolizing mass. Because many of the nests were left intact throughout the developmental period, we have estimated the metabolizing mass, using the following assumptions: (1) The mass-specific metabolic rate of developing bank swallows changes by little more than 5% with age (Marsh 1979 However, burrow depth also has an effect on CO2 levels, particularly in the burrows with older nestlings ( fig. 1, closed vs. open  symbols) . In order to reduce some of the influence of burrow depth, the population We have shown that the burrow CO2 concentration in the morning is proportional to the total mass of birds spending the night in the burrow ( fig. 1 ). That the relationship between %C02 and mass is linear with an intercept of zero can be taken as evidence against active regulation of burrow gas concentrations. One would expect such regulation to be most important as nestlings reach peak body mass and therefore predict a leveling off of %CO2 with increasing mass. Once dawn feeding begins, movements of parents (and fledglings) will presumably aid in correcting CO2 and 02 levels (White et al. 1978), but such movements cannot be described as primarily regulatory. The two values at 0 metabolizing mass ( fig. 1) were obtained from burrows without nests. Both samples were taken during the early construction of the colony and may be above atmospheric CO2 concentrations because of the early-morning activity of excavating adults or the presence of one or both adults in the partially completed burrow during the night.
The increase in CO2 levels is proportional to the decrease in 02 levels ( fig. 3 ) and the ratio of C02:02 is significantly less than 1.0 (P = .0002). This could be accounted for by either a higher diffusion or absorption of CO2 into the burrow walls or a respiratory quotient (RQ) of less than 1. The slope of the line obtained is that expected if the RQ was 0.86. An RQ considerably less than 1.0 is reasonable to expect since our measurements were made shortly after the inactive phase of the bird's diurnal cycle.
The levels of CO2 found in the deeper burrows with older nestlings could potentially cause serious respiratory problems for the birds. Levels of CO2 similar to those found in this study can increase ventilation of birds severalfold ( 
